The present study was carried out on 21 fasciolia patients (6 with 
INTRODUCTION
Since more than two decades, fascioliasis has emerged as a human infection. That parasite affects the liver particularly during the acute stage, when the juvenile flukes migrate through the liver parenchyma, causing lysis of the liver tissue (1) . Severe immunological and inflammatory reactions were observed during that stage, as the excretory, secretory products of the worms were in direct contact with the tissues (2) .
During the chronic stage, the worms were present in the bile ducts and gall bladder, the epithelium of the biliary system shows inflammation and hyperplasia ending in an obstructive phase (3) . Infection with that parasite leads to an intimate contact between the parasite and the host immune system. Neutrophils, eosinophils and macrophages play an important role in defense against the parasite (2,4) . The initial reaction of these cells is the generation of reactive oxygen species (ROS) (5) . ROS generation, through normal cellular metabolism and by means of exogenous insult is a constant problem, for which cells have developed multiple protective mechanisms (6) . Central to that defense are the anti-oxidant enzymes of the blood. These include SOD, GP X , CAT, the detoxifying enzyme GST, as well as the enzymes involved in recycling the oxidized GSH such as GR and G6-PD
(7)
. Red blood cells could be regarded as circulating anti-oxidant carriers; they offer a number of advantages for studying the effects of oxidants , Egaten, a form of TCBZ, specially prepared for human use proved safe against fasciolasis. That drug has the advantage of treating both acute and chronic fasciolasis.
The aim of the present work was to study the effect of fasciola infection, acute and chronic, on the activities of some erthrocytes' detoxifying and anti-oxidant enzymes. Besides, the effect of Egaten on these enzymes was assessed after three months from treatment.
MATERIALS & METHODS
The present study was carried on 21 patients 15-30 years old classified into the following groups: Group I: Six patients with acute fasciolasis diagnosed clinically by fever, abdominal pain and enlarged liver, haematologically by eosenophilia and serologically by a positive indirect haemagglutination test (titre > 1/640). Group II: Fifteen patients with chronic fascioliasis passing eggs in the stools and diagnosed by the kato katz technique (10) . Control group of ten healthy persons; age matched were chosen.
None of the patients and controls had received blood transfusion, antibiotics or medication at least three months before the study. None gave a history of jaundice, diabetes mellitus or chronic diseases.
Regimen of treatment
Egaten (Novartis, Pharma AG, Bale, Switzerland) was given to all patients in a dose of 10 mg/kg body weight for two successive days after intake of a fatty meal (as recommended by the manufacturer) (11) . After the end of therapy, patients were followed up every fortnight for a period of 3 months to check the presence of eggs in stools; IHAT was repeated for patients with acute fascioliasis after 3 months.
Blood sampling
Ten mls. venous blood, were withdrawn from all patients before and 3 months after treatment, and from the control group. 200 µl were immediately used for assay of GSH. One ml was dispatched into a heparinized tube for studying the blood picture (12) . The remaining blood sample was pipetted into tubes containing 10 mM (EDTA). Within 4 hours, the blood was centrifuged at 3000 rpm for 20 minutes in a cooling centrifuge to separate the plasma for assessment of liver function tests (ALT, AST 
RESULTS

I-Parasitological results
All cases of acute fascioliasis revealed a drop in eosinophilia and in the IHA titres after treatment confirming their cure. Chronic cases ceased to pass ova in the stools and the cure rate was 100%
II-Biochemical results
Results of the present study revealed that the specific activities of Cu/ Zn-SOD, GP x , GR, G6-PD as well as GSH content were significantly reduced when compared with controls in the erythrocytes of patients with acute and chronic fascioliasis before treatment, (P = 0.045, P = 0.001, P=0.032, P = 0.009, P = 0.043) for acute fasciolasis and (P = 0.000, P = 0.001, P = 0.001, P = 0.000, P = 0.019) for chronic fasciloiasis respectively (Tables I-V) . The only exception of these was GST specific activity which showed significant increase in acute and chronic fascioliasis when compared with controls before treatment (P = 0.001, P = 0.000) respectively (Table  VI) .
Catalase specific activity in both acute and chronic fascioliasis didn't show any significant difference before treatment when compared with controls (P=0.105, P=0.300) respectively (Table VII) . (Tables I-V) . Erythrocyte GST mean activity in both studied groups was significantly lower than that before treatment (P=0.022, P=0.000) respectively and regained its normal value (Table VI) . Regarding catalase specific activity after 3 months of Egaten treatment showed significant elevation when compared with that before treatment (P=0.003, P=0.000) respectively and, also, with that of control (P=0.000, P=0.004) respectively (Table VII) .
III-Haematological results
In comparison with control group, Hb content in acute and chronic fascioliasis was significantly lower (P = 0.000 and P = 0.000). After 3 months of Egaten treatment, Hb content was significantly elevated than that before treatment (P = 0.000, P = 0.000) and became within the normal range of control. Heamatocruit values was significantly lower in the two studied groups when compared with controls (P = 0.002, P = 0.000) but after treatment with Egaten it regained its normal value. The same result was detected in red blood cells count which showed significant decrease in both patients with acute and chronic fascioliasis (P = 0.000, P = 0.000). After 3 months of Egaten treatment the count increased to show significant elevation than that of before treatment (P= 0.000, P = 0.000) respectively and to become within the normal range of control.
Before treatment eosiphilic % was significantly higher in patients with acute and chronic fascioliasis when compared with control (P = 0.000, P = 0.000) respectively. After Egaten treatment it was significantly decreased than before treatment (P = 0.001, P = 0.000) and regained its normal level only in patients with chronic fascioliasis (P = 0.132), but remained significantly higher than control in patients with acute fascioliasis (P = 0.008) (Table  VIII) .
IV-Liver function tests
Enzyme activity of both ALT and AST were significantly elevated in acute fascioliasis only but not in chronic fascioliasis when compared with controls. (P = 0.001, P = 0.001) for acute stage, but (P = 0.726, P = 0.524) for chronic stage.
After 3 months of Egaten treatment the activities of the two enzymes in acute fascioliasis were significantly decreased when compared with that before treatment (P = 0.011, P = 0.020, respectively) and regained the normal values. No significant change was noticed in case of chronic fascioliasis.
ALP specific activity was significantly elevated in both patients with acute and chronic fascioliasis when compared with control (P = 0.001, P = 0.011). After treatment the plasma level of the enzyme was statistically decreased in both groups (P = 0.000, P = 0.000) than that before treatment and returned to the normal values.
Bilirubin level in acute and chronic fascioliasis was significantly elevated when compared with control (P = 0.006, P = 0.002). After treatment the level decreased significantly when compared with that before treatment (P = 0.001, P = 0.000) and became within the normal range. 
The results are expressed in U/ gHb. The results are expressed in mg%. 
DISCUSSION
The present study indicated that infection with fasciola, was accompanied by changes in the oxidative abilities of erythrocytes, that was manifested by a significant decrease in the activities of the main anti-oxidant enzymes, SOD, GP X , GR and G6-PD and in the content of the non enzymatic anti oxidant GSH. The only exception from this pattern was increased activity of GST, and unchanged activity of CAT.
Previous studies on rats infected with F.hepatica showed that the antioxidant capabilities of liver enzymes (SOD, GPx, GR) were reduced, GSH content showed significant depletion as a result of infection
(25)
.
Results of the present study support the study of Rehim (2003) (26) , which revealed a significant depletion in the erythrocyte GSH content as well as GPx and SOD activities in patients with acute and chronic fascioliasis.
SOD, is the main anti-oxidant enzyme of the cell, responsible for scavenging the super oxide radical. With infection, its level was decreased and the super oxide radicals are thus expected to be elevated. Superoxide anions could cause oxidation of critical SH groups in proteins and possibly induce peroxidation of lipids in the membrane of the RBCs, causing lysis of the red cell membrane.
(27-29) Moreover, some of the hemoglobin become oxidized to methemoglobin that does not build or transport O 2 . Heme may also be released, it reacts with O 2 and H 2 O 2 to produce OH  and ROS.
RBCs CAT is protected from prooxidant mediated inactivation by associated NADPH. G6-PD is the main source of NADPH generation. G6-PD was significantly inhibited in patient groups. Accordingly a decrease in catalase activity is expected. Yet, in the present study, the level of CAT in the oxidatively stressed erythrocyte did not show significant difference when compared with the control level. That finding could be explained according to Cooper et al (1972) (31) who stated that G6-PD deficiency lead to depletion of NADPH but has a smaller effect on NADH, the latter might prevent inactivation of CAT in the erythrocytes. The unchanged acticity of CAT might also be attributed two its low affinity to H 2 O 2 .
(32)
GSH is believed to function as an important redox buffer. It protects cell membranes from oxidative damage and helps to maintain the SH group of many proteins in the reduced form. In fasciola patients, the erythrocyte level of GSH was found to be low compared to the level in controls. That finding reflects an increase in free radical production at a rate that might exceed the detoxifying ability of GSH.
(33)
The decreased level of GSH may be connected with enhanced oxidation of glytathione disulphide (GSSG), catalyzed by free radicals. Moreover, aldehydes generated during lipid peroxidation may form a conjugate with GSH, leading to significant decrease in cellular GSH.
(34,35)
GPx a selenium containing protein, reduces H 2 O 2 and various hydro peroxides using GSH as a reducing agent.
(36,37) That enzyme showed decreased activity in infected patients, a finding which might be explained by the low content of GSH that acts as a substrate and decreased co-factor of GP X .
(38) Enzyme inactivation may as well be explained according to Kinter and Robert (1996) by the fact that 4-hydroxy non-enal (4 NHE), the aldehyde generated during lipid peroxidation, reacts with selenium in the active site of GP X and inactivates the enzyme.
(35) Moreover, non specific oxidation of the susceptible cysteine SH group adjacent to the selenol group appears to cause irreversible inactivation of the enzyme. GSTs play a central role in human detoxification process. They catalyze the conjugation of GSH to toxic products that may be easily excreted. GST activity was elevated in patients with fascioliasis. The elevation is of interest, since mature erythrocytes are incapable of protein synthesis, so, enzyme activation seems not to reside on protein expression but it could be caused by a favourable conformational change following the oxidant insult. G6-PD is involved in the generation of NADPH which is indispensable for biosynthesis of GSH. (42, 43) A decrease of G6-PD was encountered in all patient groups and this was expected to participate in causation of chronic hemolysis of erythrocytes.
Three months after Egaten treatment, the level of cell antioxidants was restored and became near or within the limits of the normal range.
Elevated levels of ALT and AST in acute phase of fascioliasis could be considered secondary to extensive destruction of the liver parenchyma and to association with some degrees of hepatic necrosis in some areas caused by the penetrating fluke.
(25, 44) Elevated level of ALP activity in acute stage may be due to hepatic damage and or increased permeability of the cell due to irritation by toxic metabolites of the worms and eggs. In chronic infection the elevation could be attributed to the mechanical obstruction of the bile duct and toxic action of the parasites leading to hyperplasia of the biliary epithelium with failure to excrete the enzyme in the bile, accordingly it is raised in plasma.
(45)
These results were confirmed by the elevated level of bilirubin in plasma of patients of both phases of infection.
In both animal and human infection with fascioliasis, anemia was reported as one of the most characteristic symptoms. Anemia could be a result of the fluke which is a blood feeder, hemorrhage that occurs from the erosion of the biliary epithelium due to infection, toxic substances released by the fluke (46, 47) that affect the piturity gland leading to reduction in thyrotrophic and adrenocorticoid hormones which in turn leads to reduction in the rate of erythopoiesis, (48) reticulocytes that are increased in the periportal blood and shortens the half life of red blood cells.
(49,50)
In addition, the decline in G6-PD activity noticed in the current study leads to lack of reduced GSH necessary to detoxify ROS. All these findings may explain the anemia detected in the present study that was diagnosed by reduction of Hb concentration, red blood cell count and hematocruit value. Also, cross linkages of sulfhydral groups occur both in hemoglobin and membrane. Heinz bodies that contribute to the rigidity of the red cell membrane resulting in their early removal from the circulation. (51) After 3 months of Egaten treatment, the Hb concentration, red blood cell count and hematocruit percent regained their normal level denoting that Egaten has beneficial value in restoring the Hb level and correcting the anemia induced by fascioliasis.
Increased eosinophilic percent is in consistent with previous study by Hishmat et al (1996) , (52) it was suggested to be due to the stimulant effect of the parasite antigens specially those of larvae to the Th 2 lymphocytes that secrete IL-4 and IL-5, responsible for eosinophilia. Eosinophilic percent reached normal values by the end of three months post treatment in chronic fascioliasis. In acute fascioliasis, although the eosinophilic percent was statistically decreased than before treatment but was yet higher than control level.
Conclusively, Egaten has cured all cases of fascioliasis whether in the acute or chronic stage; it has thus abolished the effect of the parasite on the different anti-oxidant enzymes. The drug itself was safe and did not induce any insult. 
